We tested the hypothesis that 99mTc 2-methoxy-isobutyl-isonitrile (99mTc MIBI), a new radiopharmaceutical for myocardial perfusion imaging, provides accurate noninvasive detection of coronary artery disease (CAD) however. These include 1) the need for cyclotron production limiting rapid availability, 2) the relatively low energy of the predominant photopeak of 20`TI (69-83 keV mercury x-ray) below that which is ideal for current Anger camera based systems, 3)
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Presented in part at the 61st Annual Scientific Sessions, American Heart Association, November 14-17, 1988, Washington, DC. Supported in part by National Heart, Lung, and Blood Institute Ischemic SCOR HL-17669 and the Moss Heart Fund, the long half-life of 201TI (73 hours) limiting the permissible dose, and 4) the redistribution of the radioisotope with time necessitating the rapid initiation and completion of imaging.6 99tmTc is the "work horse" of the modern nuclear medicine laboratory and is used in more than 90% of studies. The 140-keV photopeak is ideal for current imaging systems, and the 6-hour half-life permits large injectable doses. The production of 99mTc by a molybdenum-technetium generator ensures easy availability for patient use. Thus, a myocardial perfusion agent labeled with 'tmTc offers many theoretical advantages compared with 20`T1. Kahn et al Quantitative Tomography With 20MT1 and 99mTc MIBI quantitation of isotope distribution provides an objective measure of the adequacy of the coronary circulation. [13] [14] [15] [16] We used these methods to test the hypothesis that myocardial imaging with 99mTc MIBI would yield results that are at least comparable to 20 `TI in patients with coronary artery disease. We also examined the distribution of 2OPln and 99Tc MIBI in a group of normal individuals to test the hypothesis that the distributions of these two markers of myocardial perfusion are similar in normal individuals and to construct corresponding normal data bases.
Methods

Subjects
Twelve normal volunteers without evidence of organic heart disease were recruited. There were seven men and five women. Their mean age was 32±4 years. All subjects had normal rest and stress electrocardiograms and normal lipid profiles. Specifically, none had evidence of hypertension or mitral valve prolapse.
Thirty-eight patients, 26 men and 12 women, who had undergone coronary arteriography at either Parkland Memorial Hospital or the Dallas Veterans Administration Medical Center, Dallas, Texas, and had been found to have 50% or greater obstruction of one or more epicardial coronary arteries were studied (Table 1) . These patients represented all patients referred for thallium exercise testing for suspected ischemic heart disease between February 1987 and August 1988 who agreed to participate in the additional imaging studies and who had either already undergone coronary arteriography or subsequently did. Coronary arteriography was performed within an average of 2 weeks of nuclear imaging (mean+SD, 11±4 days) and in all subjects within 3 months of imaging. Coronary arteriograms were read in a blinded fashion by three experienced observers and were graded visually. The mean age of the patients was 51±10 years. Thirteen patients had significant single-vessel coronary disease, 13 had double-vessel disease, and 12 had triple-vessel disease. All patients completed all nuclear imaging studies within a 2-week period, generally within 3-4 days. The thallium study was typically performed first and was followed by the MIBI studies on separate days. All patients provided informed consent approved by the Institutional Review Board.
For the purposes of this study, we considered a myocardial infarction as documented if two of the following three critiera were met: 1) history of chest pain consistent with myocardial infarction, 2) electrocardiograms with ST-T wave changes or new Q waves, or both, consistent with prior myocardial infarction, and 3) documented increase in serum creatine kinase and creatine kinase MB isoenzymes. Nineteen patients with coronary artery disease had one prior infarction, and one patient had two prior infarctions. At cardiac catheterization, the infarct-related artery was identified from electrocardiographic ST-T wave changes or Q waves, or both, and near-total or complete occlusion of a coronary artery associated with left ventricular segmental wall motion abnormalities.
Patients with coronary disease were studied while they were taking antianginal medications as prescribed by their physicians. Patients were maintained on the same medications without interruption for all imaging studies, and there was no change in clinical status between tests. Thirty-seven of the patients with coronary artery disease were taking antianginal medications at the time of exercise testing. Calcium-channel blockers were prescribed for 31 patients, nitrate preparations for 28 patients, B-blockers for 13 Quantitative analysis of activity distributions was performed by the generation of radial circumferential activity curves for each of the four studies, that is, 201T1 immediate and delay and 99mTc MIBI stress and rest. Myocardial tracer activity was determined by searching along each of 60 evenly spaced radials from the geometric center of the left ventricle. The maximum activity along each radial was selected and normalized to the maximum activity in that section, producing section-by-section curves of tracer distribution. Using these curves and the sectional images, the operator defined the apical portion of the vertical long-axis section and eight equal anatomic regions for each of the three shortaxis sections, that is, two each for anterior, septal, inferior, and lateral segments (Figure 1 ). The radial tracer activity within each region was averaged, and a computer print out of regional tracer distribution for each section was produced.
Circumferential profile activity curves from the 12 normal subjects were averaged to determine the normal distributions for each of the tracers. The normal range of distribution for each tracer was determined for each segment of each study and designated as 2.5 standard deviations from the mean of normal individuals. Data Patients were identified as abnormal by the presence of regions on the exercise image set with activities below the lower limits of normal. Individually stenosed coronary arteries were identified as abnormal by the presence of activities below the lower limits of normal: anterior and septal regions to the left anterior descending artery, inferior regions to the right coronary artery, and lateral regions to the left circumflex artery (Figure 1 ). Defects found predominantly in one territory that did not overlap significantly with another territory were considered to represent one lesion. A perfusion defect that extended 450 beyond the border of a single vascular Image Quality 99mTc MIBI tomograms from all 12 normal subjects and 32 of 38 patients with coronary artery disease were judged superior in quality to 201T1 tomograms. In six patients with coronary disease, the tomograms were judged to be of equal quality. Generally, the 99mTc MIBI images showed much less statistical noise despite the use of less low-pass filtering during reconstruction. In one normal subject and in three patients with coronary disease (but angiographically normal dominant posterior circulations) imaged with 201T1, significant reductions of inferoposterior activity, presumed to be due to diaphragmatic attenuation, were present. All of these had normal inferoposterior perfusion with 99mTc MIBI tomography. With 20MT1 SPECT, two normal women and three women with coronary disease had mild reductions in anteroseptal activities felt to represent breast attenuation. Comparable attenuation was seen with 99mTc MIBI tomography in four of these subjects, and significantly less attenuation was present in one patient with coronary disease. Individual 20MT1 projection images contained 70,000-100,000 total counts compared with 600,000-900,000 total counts with 99mTc MIBI imaging. In 12 randomly selected patients with coronary artery disease, the calculated heart to lung ratios for 201T1 and 99mTc MIBI were similar (3.1+0.5 vs.
3.2+0.5, p=NS). Similarly, in these patients, the heart to liver ratios were not different for 20MT1 and 99mTc MIBI (2.4±0.7 vs. 2.0+0.6, p=NS). Representative unprocessed planar projection images acquired during tomographic imaging after exercise from a patient with left anterior descending coronary artery disease are displayed in Figure 2 
Normal Subjects
The mean relative stress 20MT1 and 99mTc MIBI distributions determined from the pooled normal subjects are displayed in Figure 3 . With both radiopharmaceuticals, the lateral wall (myocardial segments 5 and 6) showed the highest activities. There were no significant differences between mean relative distributions of 201T1 and 99nTc MIBI in this group of normal individuals.
Comparisons of mean relative stress 201T1 and 99mTc MIBI distributions determined from normal subjects analyzed by gender are displayed in Figure  4 . In male volunteers, tracer activity in inferoposterior left ventricular segments was greater for 99mTc MIBI Figure 5 . Note the decreased activity in the inferoposterior segments of the 2'Tl study, probably representing diaphragmatic attenuation. The decreased activity is not present on the 99mTc MIBI study.
Patients With Coronary Artery Disease
The overall results of quantitative rotational tomography in identifying individual patients with coronary artery disease are displayed in Table 1 Figure 6 . Note the discrete inferior perfusion defect on both studies and the additional detection of an anterior perfusion defect on the 99mTc MIBI study.
The effect of stenosis severity on the detection of lesions with the two radiopharmaceuticals is presented in Table 4 . Overall, greater detection of lesions less than or equal to 75% diameter stenosis with 99mTc MIBI was observed compared with 2M'Tl (p<0.05). MIBI, regions showing reduced perfusion on both studies were identified. The severity of the reduction in activity compared with normal segments was determined in these regions for`01T1 and 99mTc MIBI studies. The results are summarized in Table 5 . For these two agents, mean defect severity was similar in regions with prior Q-wave myocardial infarction and in regions without prior infarction.
Assessment of Reversibility
Of the 32 patients with regional hypoperfusion detected with 201T1 SPECT, 28 (87%) had reversible reductions in activity. This was not significantly different with 99mTc MIBI imaging; however, 33 of 36 (92%) patients with regional hypoperfusion had reversible hypoperfusion. Overall, quantitative analysis of`01T1 SPECT in the 38 patients with coronary artery disease identified 104 segments with reversible hypoperfusion. This compared with 134 segments identified as showing reversible hypoperfusion with 99mTc MIBI SPECT (p<0.05). In the 18 patients without a history of myocardial infarction, 01TI tomography identified 11 patients with reversibly hypoperfused myocardial regions compared with 15 patients with 99mTc MIBI tomography (p=NS). In these patients,`01T1 tomography identified 47 segments as having reversible perfusion defects compared with 57 with 99mTc MIBI tomography (p=NS). In the 20 patients with prior myocardial infarction, 20MT1 tomography identified 17 patients and 99mTc MIBI tomography identified 18 patients with regions of reversibly hypoperfused myocardium. M01T1 tomography identified 57 segments in these patients as having reversible perfusion defects compared with 77 segments with 9mTc MIBI tomography (p=NS).
Interobserver and Intraobserver Agreement
Interobserver agreement for the quantitative regional activity distributions of the two radiopharmaceuticals in 10 randomly selected patient studies was good (r=0.95,p<0.0001). Similarly, agreement for the same observer on two separate occasions in analyzing the same studies was good (r=0.96,p<0.0001).
Discussion The results of this study indicate that myocardial imaging with 99mTc MIBI using SPECT and computer quantitative analysis provides a sensitive means for detecting exercise-induced hypoperfusion of ventricular myocardium supplied by significantly stenosed coronary arteries. When compared with imaging with 20MT1, the current tracer of choice for the noninvasive imaging of myocardial perfusion,1-5'10-16studies performed with 99mTc MIBI were of superior quality and tended to show fewer artifactual defects due to soft tissue attenuation.
In a group of healthy subjects without clinical evidence of coronary artery disease, images were of excellent quality and showed relatively uniform distribution of 99mTc MIBI. Mild heterogeneity of regional distribution of 201T1 has been described with SPECT imaging,13-15 and it is thought to be due to a lesser attenuation of the tracer in the lateral left ventricular myocardium and differences in septal to lateral wall thickness. A similar pattern of tracer distribution was observed in normal subjects imaged with 99mTc MIBI with lateral regions consistently showing greater activities than septal regions ( Figure  3 ). Indeed, there was remarkable similarity of the regional distribution of the two tracers. The importance of gender-related differences in 20MT1 
